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Abstract: Objective: To reevaluate the suppressive effect of paclitaxel (PTX) liposome on collagen-induced arthritis
(CIA) in rats and explore its mechanisms. Methods: Female Lewis rats were immunized with bovine type Il collagen
(CIl) to induce arthritis. The rats with CIA were randomly divided into three groups: 5% GS control group, 2.5 mg/kg
PTX treatment group and 1 mg/kg methotrexate (MTX) positive control group. The drugs were administered by intra-
peritoneal injection on the second day after arthritis onset. The body weights, arthritis scores and paw volumes were
observed consecutively. The ankle joints of rats were collected for X-ray examination and histological evaluation.
Serum samples were collected to test the levels of anti-Cll antibodies and cytokines. Results: Body weights were not
significantly affected after PTX or MTX treatments (p>0.05). Compared with 5% GS control or MTX treatment groups,
PTX group showed significant decrease of arthritis scores and paw volumes (p<0.05). Radiographic and histologic
evaluation provided evidence that rats with PTX treatment had less synovial proliferation and bone erosion. In addi-
tion, the levels of anti-Cll antibodies as well as serum tumor necrosis factor (TNF)-oc and vascular endothelial growth
factor (VEGF) levels were remarkably lower in PTX group than those in 5% GS controls (p<0.05). Conclusions: PTX
inhibits the progression of CIA in rats and prevents the destruction of joints. The mechanism might be related to its

inhibition on the levels of serum anti-Cll antibodies, TNF-a and VEGF.
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Introduction

Rheumatoid arthritis (RA) is a common autoim-
mune disease characterized by chronic, aggres-
sive erosion of articular bones. To date, the
cause of RA has not been disclosed, and drugs
or methods for RA therapy are still lack. Al-
though immunosuppressants or immunomodi-
fiers are potential disease modified anti-rheu-
matic drugs (DMARDs), the treatments were
still not satisfactory [1]. Recently, a few bioag-
ents, such as tumor necrosis factor (TNF)-o
antagonists [2], interleukin-1 (IL-1) inhibitors
[3], and IL-6 monoclonal antibodies [4] were
effective in controlling the disease progression
and improving the prognosis in RA. However,
high cost and adverse effects including tuber-
culosis and malignancy risks restrict their wide
applications [5]. Moreover, certain cases, such
as refractory RA, show resistance to DMARDs
and bioagents [6-8]. Thus, it is still necessary

to develop new effective and economical drugs
for RA treatment.

Paclitaxel (PTX) is initially extracted from the
bark of the Pacific yew taxus brevifolia and
belongs to diterpenoid [9]. It is one of the most
commonly used anticancer agents with broad
antitumor activities in lung, stomach, breast,
ovary and nasopharynx cancers [10]. As a mi-
crotubule-stabilizing agent, PTX has the capac-
ity to disrupt the normal dynamic reorganization
of the microtubule network, which is required
for mitosis and cell proliferation [11]. As report-
ed, PTX could arrest the cell cycle at G2/M
phase [12], and inhibit tumor-related angiogen-
esis and tumor cell proliferation [13]. Consi-
dering the aggressive proliferation of synovial
cells and pannus formation in RA, it is unsur-
prised to introduce PTX for RA treatment. Brahn
E. firstly reported that PTX (Taxol) could com-
pletely prohibit the induction of collagen-
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induced arthritis (CIA) in rats, and cause signifi-
cant regression of existing arthritis [14].
Moreover, Brahn and his colleges observed the
inhibition of PTX on the synovitis and neovascu-
larization in CIA [15]. Two phases of clinical tri-
als were carried out afterwards. Although ph-
ase | clinical trial showed a very good result, the
outcome of Phase Il is still elusive. In this study,
we aimed to reevaluate the effect of PTX on
CIA, by assessing the severity of arthritis with
more general methods (radiography, pathology
and serology), and to explore the mechanism
underlying the effect of PTX on CIA.

Materials and methods
Animals

Thirty-five female Lewis rats (weighing 110-120
g) were purchased from Beijing Vital River
Experimental Animal Technique Co. Ltd (Beijing,
China). The animals were housed under specific
pathogen-free condition and fed a standard
rodent chow and water ad libitum. All the exper-
imental procedures were approved by the
Animal Care and Use Committee of People’s
Hospital, Peking University and the Animal
Research Ethics Committee of Xuanwu Hos-
pital, Capital Medical University.

Induction of collagen-induced arthritis and
treatments

CIA model was established as previously
described [16]. Bovine type Il Collagen (ClI)
(Sigma, Shanghai, China) was dissolved in 0.1
M acetic acid at a concentration of 4 mg/ml by
stirring overnight at 4°C and emulsified in an
equal volume of incomplete Freund’s adjuvant
(Sigma-Aldrich, StLouis, MO, USA). Rats were
immunized intradermally with 150 pyl of the
emulsion containing 2 mg/ml of Cll. One week
later, a second injection of Cll emulsion was
administrated. Onset of arthritis in all 4 limbs
could usually be observed visually between day
12 and day 14. The rats without onset of arthri-
tis after day 14 were excluded from the study.

30 rats were successfully established as CIA
model and randomly allocated into three groups
(10 rats in each group): paclitaxel (PTX) treat-
ment group, methotrexate (MTX) treatment
group and 5% glucose solution (GS) control
group. In the PTX treatment group, paclitaxel
liposome (LIPUSU®, 30 mg/package, Nanjing
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Luye Sike Pharm Co., Ltd., China) was dissolved
in 5 ml 5% GS to achieve a final concentration
of 6 mg/ml PTX solution. The PTX solution was
administered on alternate days at 2.5 mg/kg
body weight by intraperitoneal injection start-
ing from the second day post the arthritis onset
(Day 1). The dosage of PTX was selected based
upon our preliminary experiment. In MTX group,
the rats were injected intraperitoneally with
MTX injection (5 mg, Ebewe Pharma Gesm.b.
HNfg. KG) at 1 mg/kg body weight dose weekly
starting from Day 1. Control rats received 200
pl 5% GS intraperitoneally on alternate days
starting from Day 1. All the rats were treated for
four weeks. MTX treatment was applied as pos-
itive control.

Clinical assessment

Body weights were recorded twice per week
from Day 1 to Day 30 (the rats were Kkilled).
Arthritis symptoms were observed by two inde-
pendent investigators blindly on Day 1, 4, 8,
12, 15, 20, 25 and 29, respectively. The char-
acteristics of arthritis in each limb were scored
from O to 4 according to the severity of periar-
ticular erythema and swelling as described pre-
viously [17]. Briefly, arthritic lesion was graded
on a scale of 0-4: O = no change, 1 = swelling
and erythema of the digit, 2 = mild swelling and
erythema of the limb, 3 = gross swelling and
erythema of the limb, and 4 = gross deformity
and inability to use the limb. The sum of the
scores for all 4 limbs was calculated as the
arthritis index for each rat. The maximum index
score is 16. An instrument (YLS-7A paw volume
meter, Gene & | Co., Beijing, China) was applied
to measure the volume of rat paw on Day 1, 8,
15, 22, and 29, respectively to reflect the sever-
ity of swelling of hind paws [18].

Radiologic and histologic studies

The radiologic and histologic changes in rats
were analyzed according to the methods report-
ed previously [19]. On day 30, rats were anes-
thetized with 2% sodium pentobarbital (45 mg/
kg) and placed on a radiographic box at a dis-
tance of 90 cm from the X-ray source. Radi-
ographic analysis (Philips X12; Philips, Munich,
Germany) of each rat hind paw was performed
with a 40 kW X-ray exposure for 0.01 s. Ra-
diographs were scored on a scale of 0-3, based
on joint space between the tibia and calcane-
us, the tibia and talus, and the talus and calca-
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Figure 1. Paclitaxel liposome ameliorates the arthritis severity in collagen-induced arthritis rats. A. Changes of ar-
thritis score in three groups. Both PTX group and MTX group reduced arthritis scores at 14 days after treatments. B.
Changes of paw volume in three groups. *p<0.05 compared with control group. GS: glucose solution; PTX, paclitaxel

liposome; MTX, methotrexate.

neus (O = no increase in space, 3 = maximally
increased joint space). Radiographs were also
scored for the extent of bony destruction/ero-
sions (from 0-4), assigning one point for ero-
sions in any one of the following bones: tibia,
calcaneus, talus, and metatarsals (considered
together). Soft tissue swelling was also scored
on a scale of 0-3 (0O = no swelling, 3 = severe
swelling). The sum of three scores was consid-
ered as the radiologic score for each ankle
(Maximal score is 10), and the average of both
ankle scores was used for the statistical analy-
sis. The ankle joints were then fixed in 4% para-
formaldehyde, decalcified with EDTA, and
embedded in paraffin; 4 yum sections were pre-
pared. The extent of arthritis was assessed
based on hematoxylin and eosin staining, using
the following scale: O = normal synovium, 1 =
synovial membrane hypertrophy and cell infil-
trates, 2 = pannus and cartilage erosion, 3 =
major erosion of cartilage and subchondral
bone, and 4 = loss of joint integrity and ankylo-
sis. The assessment was performed by investi-
gators, who were blinded to the identity of the
specimens, and the average of the 2 scores
was used.

Detection of serum anti-Cll antibodies

The peripheral blood of rats was collected by
puncturing the posterior orbital venous before
killing the rats (Day 30). Anti-CIl antibodies
were measured by enzyme-linked immunosor-
bent assay (ELISA) as described previously
[15]. Briefly, 96-well microtiter plates (Costar,
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Cambridge, MA) were coated with 5 pug/ml
bovine Cll at 4°C overnight. After being washed
with PBS containing 0.05% tween (PBS-T), the
plates were blocked with 5% (wt/v) skimmed
milk for 2 h at 37°C. Serum samples were dilut-
ed into 1:200 and 100 pl were then added to
each well. After incubation for 1 h at 25°C and
washing, goat anti-rat 1IgG antibody conjugated
to peroxidase was added to the wells at a
1:5000 dilution. After incubation for 1 h at
37°C and washing, the bound antibodies were
detected with O-phenylenediamine dihydro-
chloride color-development reagent. Plates
were read at absorbance of wavelength 490
nm (OD 490 nm).

Serum cytokine measurement

The serum samples were also applied for cyto-
kine measurement. The levels of interleukin
(IL)-1B, tumor necrosis factor (TNF)-a and vas-
cular endothelial growth factor (VEGF) were
determined with commercially available ELISA
Kits (R&D, CA, Minneapolis, MN, USA) according
to the manufacturer’s instructions.

Statistical analysis

Data analyses were performed using SPSS
13.0 for Windows. For normally distributed
data, the results were expressed as mean *
SD; the differences between groups were ana-
lyzed with the t test. For abnormally distributed
data, the differences were tested with the
Mann-Whitney U test. p values less than 0.05
were considered statistically significant.
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Figure 2. Radiographic changes of hind paws in three groups. (A) Normal rat hind paw. No paw swelling or joint dam-
age. (B) Hind paw of rat treated with 5% GS. Obvious swelling of soft tissue, widened joint space and severe bone
erosion. (C) Hind paw of rat treated with PTX. (D) Hind paw of rat treated with MTX. The scores for (A, B, C and D)
were 0, 10, 4 and 6, respectively. GS: glucose solution; PTX: paclitaxel liposome; MTX: methotrexate.

Results
PTX inhibited the arthritis severity in CIA rats

The therapeutic effects of PTX on arthritis in
CIA rats were based on the changes of body
weight, arthritis scores and paw volumes. The
results showed that body weight increased in
the rats of all groups throughout the experi-
ment. However, there were no significant differ-
ences in the change of body weight among the
three groups (p>0.05, data not shown). There
was an obvious time-dependent reduction of
arthritis scores in PTX group and MTX group
from Day 15 compared with GS group. On Day
29 (i.e. the day before the experiment finished),
the mean arthritis score in PTX group was sig-
nificantly lower than thatin GS control (2.0+2.11
vs 5.0+3.16, p<0.05). The mean arthritis score
in MTX group was also lower than that in GS
control, but without statistical significance
(p>0.05) (Figure 1A).

A similar trend of paw volume changes were
observed in the three groups (Figure 1B). On
Day 29, the mean paw volumes of PTX group,
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MTX group and GS control group were
2.95+0.34 ml, 3.16+£0.50 ml and 3.50+0.65
ml, respectively. There was a significant differ-
ence between PTX group and GS group (p
<0.05). Together, the results suggested that
PTX caused efficient inhibition on chronic
inflamed arthritis in CIA.

PTX suppressed radiologic progression in CIA
rats

Radiographic extent of joint destruction was
analyzed on Day 30. The rats in PTX group had
less soft swelling and bone erosion compared
with rats in MTX group and GS group (Figure 2).
Moreover, radiographic score in rats treated
with PTX (3.95+3.25) was remarkably reduced
compared with that from GS controls (6.3£3.51)
(p<0.034). By contrast, there was no significant
difference between MTX and GS groups
(5.0+£3.47 vs. 6.3+3.51, p>0.05).

PTX prevented against the histologic changes
in CIA rats

The therapeutic effect of PTX on CIA rats was
further verified by histological examination. The

Am J Transl Res 2016;8(11):5044-5051



Paclitaxel suppresses collagen-induced arthritis

Figure 3. Histological analysis of ankle joints in three groups. (A) Normal ankle joint of rat, with intact articular
cartilage and no infiltration of inflammatory cells in synovium. (B) Ankle joint of rat treated with 5% GS, with remark-
able synovial proliferation, pannus formation, damage of articular cartilage and subchondral bone, and disruption
of joint structure. (C) Ankle joint of rat treated with PTX, with mild synovial proliferation and cartilage damage. (D)
Ankle joint of rat treated with MTX, with synovial proliferation, pannus formation and destruction of cartilage and
subchondral bone. The scores for (A, B, C and D) were 0, 4, 2 and 3, respectively. GS: glucose solution; PTX: pacli-
taxel liposome; MTX: methotrexate.

CIA rats in GS group developed chronic inflam-
mation of synovial tissue, pannus formation,
cartilage destruction and bone erosion. In con-
trast, there were remarkable reduction in
inflammatory infiltration, pannus formation and
joint structure changes in PTX group and MTX
group (Figure 3). The result of histologic scoring
also showed that the mean score in PTX group
(2.1+£0.2) was significantly lower than that in
GS group (2.940.3, p<0.05), and there was no
significant difference between MTX group and
GS group (2.3+£0.2 vs. 2.9+0.3, p>0.05).

PTX suppressed humoral immunity in CIA rats

The level of anti-Cll antibodies is closely related
to the development and severity of CIA [20]. To
verify the effect of PTX on humoral immunity in
CIA rats, the serum levels of anti-Cll antibodies
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were detected by ELISA on Day 30. The median
levels of anti-Cll antibodies in PTX group, MTX
group and GS group were 1.390 (1.282-1.460),
1.344 (1.170-1.554) and 1.446 (1.401-1.584),
respectively. The level of anti-Cll antibodies in
either PTX group or MTX group was significantly
lower than that in GS group (p<0.05). However,
there was no statistical difference in the levels
of anti-Cll antibodies between PTX group and
MTX group (p>0.05).

PTX inhibited the release of inflammatory cyto-
kines in CIA rats

TNF-a and IL-1B play important roles in the
pathogenesis of collagen-induced arthritis in
rats [21, 22]. VEGF is known as a potent induc-
er of synovial proliferation via its ability to
induce angiogenesis [23]. The results of ELISA

Am J Transl Res 2016;8(11):5044-5051
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Table 1. Levels of serum cytokines in three groups of rats

with collagen-induced arthritis

effects in that study were stronger,
we reported that a low dose of PTX

Groups TNF-o0 (pg/ml)  IL-1B (pg/ml)

VEGF (pg/ml)

still had ideal activity.

5% GS control 521441744  95.90+11.60
MTX-treated group 34.00+£16.05° 76.99+11.56
PTX-treated group  29.23+16.21" 77.30+20.68

15.69+2.28
11.57+1.87
7.63+1.38"

CIA is often accompanied with
change of body weight [25]. However,

*p<0.05 compared with 5% GS group.

showed that the serum levels of TNF-a were sig-
nificantly lower in both PTX group and MTX
group than that in GS group (p<0.05). Although
the level of IL-1p slightly decreased in both PTX
group and MTX group when compared to GS
group but without significant difference. PTX
group had a significant lower level of VEGF than
that in GS group (p<0.05). In addition, there
was no significant difference in the level of
VEGF between MTX group and GS group (Table
1).

Discussion

Although the effects of PTX on the symptoms of
CIA were reported before, the unclear mecha-
nisms restrict its wide applications. In this
study, we reevaluated the protective activity of
PTX in CIA model. We confirm that PTX is useful
in the treatment of CIA by using the methods of
radiography, pathology and serology. Moreover,
we disclosed that the potential mechanisms
were related to humoral immunity, cytokines
and VEGF.

PTX was administrated at the second day after
successfully modeling of CIA. As evidenced by
arthritis scoring and the volume of rat paw, PTX
treatment exerted significant suppression of
the arthritis in CIA rats. Importantly, the effects
could be observed after two-week treatment,
and the maximal changes were observed at the
end of the experiment. In a previous study,
Oliver et al applied a two-step PTX procedure to
treat CIA rats (10 mg/kg per day for three days
and 7.5 mg/kg on alternate days until the end
of the experiment). They demonstrated that
arthritis scores were reduced statistically at the
time points of Day 9 and Day 11 after CIA onset
[24]. The suppression of arthritis in CIA rats
was much faster in Oliver’s study than that in
our study. That discrepancy might be caused by
different animal strains used in the studies. In
Oliver’s study, Louvain rats were used, while in
our study, Lewis rats were used. Although the
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in our study, the body weight was not
significantly affected after modeling.
Moreover, treatment with PTX or MTX
did not increase the body weight. This phenom-
enon might be explained by the negative effect
on gastrointestinal function in PTX and MTX-
treated rats, which nullified the therapeutic
effect.

We further confirmed the effects of PTX in the
CIA rats by the results of radiology and histopa-
thology. PTX suppressed the proliferation of
synovium and the formation of pannus in the
inflammatory joints, and reduced the erosion of
cartilages. Subsequently, radiologic progres-
sion in PTX group was weakened, in compari-
son to GS control or MTX group. Interestingly,
the effect after engagement of MTX was weak-
er than that after PTX administration. That
might be explained by a slower efficacy, the
relatively low dosage used, and the short treat-
ment duration in this study. Previously, Hui and
Kurose investigated the mechanism underlying
the effects of PTX on synovial proliferation in
vitro [26, 27]. PTX induced cell arrest at G2/M
phase and apoptosis in human cultured fibro-
blast-like synovial cells (FLS), which had high
proliferative activity. Thus, the inhibition of PTX
on the proliferative synovium might be benefi-
cial for the treatment of RA.

Autoantibodies and inflammatory cytokines
play important roles in the immunopathogene-
sis of RA, and the level of anti-Cll antibodies is
positively related to the development of CIA in
rats [20]. As expected, we found that the levels
of anti-Cll antibodies in rats treated with PTX
decreased significantly, following by alleviation
of CIA. These data implicated that inhibition of
PTX on the proliferation of B cells, or on the pro-
duction and secretion of antibodies might be
the mechanisms. However, whether PTX inhib-
its specific humoral immune responses has not
been clarified. There are few studies on how
PTX impacts the cytokines in CIA rats or RA
patients. Previous studies showed that PTX up-
regulated the expression of TNF-a but down-
regulated the expression of TNF-a receptors in

Am J Transl Res 2016;8(11):5044-5051
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murine macrophages [28, 29]. In our study,
TNF-« level in CIA rats decreased significantly
after PTX treatment, but IL-1B level, another
important cytokine in CIA, was unaltered. Since
TNF-a plays a key role in the synovium prolifera-
tion and pannus formation of joints, the reduc-
tion of TNF-a after PTX treatment supported
the weak histopathological changes in PTX
group. Nevertheless, the effects of PTX on the
expression of TNF-a or its receptors in CIA rats
require future studies.

Pannus formation is an important pathological
feature of RA. A ot of molecules are involved in
synovial angiogenesis, especially VEGF [23]. As
previously reported, RA patients had a high
expression of VEGF in the synovial tissue and
serum [30]. PTX inhibited angiogenesis by
interfering with cell mitosis, migration and che-
motaxis [31]. In our study, we found that VEGF
level was significantly decreased after PTX
treatment.

Presently, there are two commercially available
forms of paclitaxel: Paclitaxel injection with
Cremophor EL as medium and paclitaxel lipo-
some. The former has poor water solubility with
strong irritation. Latter is paclitaxel encapsu-
lated in liposome. This innovation without
changing the chemical structure and pharma-
cological action of paclitaxel, increases solubil-
ity and reduces adverse effects.

Conclusion

In conclusion, we reconfirmed the inhibitory
effect of PTX on CIA rats, and found that PTX
had a significant suppressive effect on serum
antibody level and inflammation-related cyto-
kines, thus demonstrating that PTX is a poten-
tial drug to treat RA.

Address correspondence to: Lin Li, Department of
Pharmacology, Xuanwu Hospital, Capital Medical
University, No. 45 Changchun Street, Beijing
100053, China. Tel: +8601083198886; Fax:
+8601083198886; E-mail: lilin160128@163.com
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